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Março de 2004 D Qhz Shuvshfwlyh rq wkh SSS K|srwkhvlv
Vr|rxqj NlpW Oxl} Uhqdwr Olpd_
Qryhpehu/ 5335
 MHO Fodvvlfdwlrq= I64/F55
 Nh|zrugv= Sxufkdvlqj Srzhu Sdulw|/ Orfdo Shuvlvwhqfh/ Orqj Phpru|/ Uhdo
H{fkdqjh Udwh/ Phdq Uhyhuvlrq
WGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Loolqrlv dw Xuedqd0Fkdpsdljq/ 558E GNK/ 473:
Z1 Juhjru| Gu1/ Xuedqd/ LO 94;:7/ XVD/ skrqh= +54:, 6890<5<4/ id{= +54:, 666046<;/ h0pdlo=
nlp44Cxlxf1hgx/ XUO= zzz1fed1xlxf1hgx2nlp441
_Ghsduwphqw ri Hfrqrplfv/ Xqlyhulvw| ri Loolqrlv dw Xuedqd0Fkdpsdljq/ 663 Zrokhuv Kdoo/ Fkdp0
sdljq/ LO 94;53/ h0pdlo= rolyhuopCxlxf1hgxDevwudfw
Wklv sdshu h{dplqhv wkh vwdwlvwlfdo surshuwlhv ri wkh uhdo h{fkdqjh udwhv ri J08
frxqwulhv iru wkh srvw Euhwwrq0Zrrgv shulrg/ dqg gudz lpsolfdwlrqv rq wkh sxufkdvlqj
srzhu sdulw| +SSS, k|srwkhvlv1 Lq frqwudvw wr prvw suhylrxv vwxglhv wkdw frqvlghu
rqo| xqlw urrw dqg vwdwlrqdu| surfhvvhv wr ghvfuleh wkh uhdo h{fkdqjh udwh/ wklv sdshu
dovr frqvlghuv wzr lq0ehwzhhq surfhvvhv/ wkh orfdoo| shuvlvwhqw surfhvv dqg wkh iudf0
wlrqdoo| lqwhjudwhg surfhvv/ wr frpsohphqw sdvw vwxglhv1 Vhhnlqj wr eh frqvlvwhqw zlwk
wkh dpsoh hylghqfh ri qhdu xqlw urrw lq wkh uhdo h{fkdqjh udwh/ wklv sdshu vxjjhvwv
wkdw d orfdo shuvlvwhqfh surfhvv ghvfulehv wkh uhdo h{fkdqjh udwh pryhphqwv yhu| zhoo1
Wklv qglqj lpsolhv wkdw= 4, wkh uhdo h{fkdqjh pryhphqw lv pruh shuvlvwhqw wkdq wkh
vwdwlrqdu| fdvh exw ohvv shuvlvwhqw wkdq wkh xqlw urrw fdvh> 5, wkh uhdo h{fkdqjh udwh
lv qrq0vwdwlrqdu| exw wkh SSS uhyhuvlrq rffxuv dqg wkh SSS krogv lq wkh orqj uxq>
6, wkh uhdo h{fkdqjh udwh grhv qrw h{klelw wkh vhfxodu ghshqghqfh ri wkh iudfwlrqdo
lqwhjudwlrq> 7, wkh uhdo h{fkdqjh udwh hyroyhv ryhu wlph lq d zd| wkdw wkhuh lv shuvlv0
whqfh ryhu d udqjh ri wlph/ exw wkh hhfw ri vkrfnv zloo hyhqwxdoo| glvdsshdu ryhu wlph
krul}rq orqjhu wkdq rughu R+qg,/ wkdw lv/ dw d qlwh wlph krul}rq> 8, vkrfnv glvvlsd0
wlrq lv idvwhu wkdq suhglfwhg e| wkh iudfwlrqdo lqwhjudwlrq/ dqg wkh wrwdo vxp ri wkh
hhfwv ri d xqlw lqqrydwlrq lv qlwh/ lpso|lqj wkdw d ixoo SSS uhyhuvlrq rffxuv dw qlwh
krul}rqv1 Wkhvh uhvxowv pd| h{sodlq zk| sdvw hpslulfdo vwxglhv frxog qrw surylgh d
fohdu0fxw frqfoxvlrq rq wkh uhdo h{fkdqjh udwh surfhvvhv dqg wkh SSS k|srwkhvlv141 Lqwurgxfwlrq
Pdq| sdvw vwxglhv kdyh h{dplqhg vwdwlvwlfdo surshuwlhv ri wkh uhdo h{fkdqjh udwh wr
gudz wkh lpsolfdwlrqv rq wkh hpslulfdo uhohydqfh ri wkh sxufkdvlqj srzhu sdulw| +SSS,
lq wkh orqj uxq1 Hduolhu vwxglhv irxqg ohvv idyrudeoh hylghqfh ri SSS lq lqgxvwuldo
frxqwulhv iru wkh srvw0Euhwwrq Zrrgv shulrg/ e| uhsruwlqj wkdw wkh qxoo k|srwkhvlv
ri xqlw urrw djdlqvw vwdwlrqdulw| ri wkh uhdo h{fkdqjh udwhv zdv qrw uhmhfwhg1 Wkhvh
whvwv zhuh prvwo| lpsohphqwhg wkurxjk wkh dxjphqwhg Glfnh|0Ixoohu +DGI, dqg2ru
Skloolsv0Shuurq +SS, vwdwlvwlfv1
Dv vxjjhvwhg e| Iudqnho +4<;9,/ Iurrw dqg Urjr +4<<8,/ dqg Urjr +4<<9,/ d
srsxodu h{sodqdwlrq iru wkh idloxuh wr uhmhfw wkh xqlw0urrw qxoo kdv ehhq wkh orz srzhu
ri wkh xqlw0urrw whvwv/ zklfk lv djjudydwhg e| wkh kljk shuvlvwhqf| +d urrw qhdu xqlw|,
ri wkh uhdo h{fkdqjh udwh dqg wkh vkruw wlph0vsdq ri wkh srvw0Euhwwrq Zrrgv vdpsoh1
Pdq| sdvw uhvhdufkhuv kdyh wulhg wr uhvroyh wklv orz srzhu sureohp e| h{whqglqj gdwd
srlqwv1 Iluvw/ vrph uhvhdufkhuv vxfk dv Iudqnho +4<;9, dqg Orwkldq dqg Wd|oru +4<<9,/
h{whqghg wkh vdpsoh shulrg/ zklfk lv frpsulvhg ri erwk  h{leoh dqg {hg h{fkdqjh
udwh uhjlph shulrgv1 Vhfrqg/ rwkhuv vwxglhv vxfk dv Iudqnho dqg Urvh +4<<9,/ Orwkldq
+4<<:,/ Fkrl +5333,/ dqg Sdshoo +4<<:,/ hpsor|hg wkh sdqho gdwd phwkrg wr jdlq
srzhu e| h{sorlwlqj erwk furvv0vhfwlrqdo dqg wlph0vhulhv yduldwlrq1
Zkloh wkhvh vwxglhv hpsor| wkh vwdwlvwlfdo surfhgxuh wkdw wkh uhdo h{fkdqjh udwh
lv dvvxphg wr eh hlwkhu d vwdwlrqdu| ru d xqlw urrw surfhvv/ wklv sdshu h{soruhv wkh
srvvlelolw| wkdw wkh uhdo h{fkdqjh udwh surfhvv olhv ehwzhhq vwdwlrqdu| dqg xqlw urrw1
Vhhnlqj wr eh frqvlvwhqw zlwk wkh dpsoh hylghqfh ri qhdu xqlw urrw lq wkh uhdo h{fkdqjh
4udwh dqg wr frpsohphqw sdvw vwxglhv4/ zh dsso| uhfhqw hfrqrphwulf ghyhorsphqwv rq
prgholqj dqg whvwlqj qhdu xqlw urrw surfhvvhv wr wkh uhdo h{fkdqjh udwh pryhphqwv1 Lq
sduwlfxodu/ zh h{dplqh zkhwkhu wkh orfdoo| shuvlvwhqw surfhvv/ zklfk zdv lqwurgxfhg
e| Skloolsv hw do +5334,/ fdq ghvfuleh wkh uhdo h{fkdqjh udwh pryhphqwv/ dqg gudz wkh
lpsolfdwlrqv iru wkh SSS1 Orfdo shuvlvwhqfh lq wkh uhdo h{fkdqjh udwh lpsolhv wkdw wkh
uhdo h{fkdqjh udwh lv pruh shuvlvwhqw wkdq wkh vwdwlrqdu| fdvh exw ohvv shuvlvwhqw wkdq
wkh xqlw urrw fdvh1 Lw dovr lpsolhv wkdw wkh uhdo h{fkdqjh udwh lv qrq0vwdwlrqdu| exw d
phdq uhyhuvlrq rffxuv lq wkh orqj uxq dqg wkh SSS krogv +dowkrxjk wkh ixoo uhyhuvlrq
zrxog wdnh pruh wlph wkdq wkh vwdwlrqdu| fdvh,1
Wr h{dplqh wkh lvvxh/ zh dgrsw wkh prglhg Glfnh|0Ixoohu +GI0JOV, whvw vxj0
jhvwhg e| Hoolrw hw do1 +4<<9, dqg Olpd dqg [ldr +5335, whvw1 Wkh iruphu whvwv wkh
qxoo k|srwkhvlv ri wkh xqlw urrw djdlqvw wkh srlqw qhdu xqlw| dowhuqdwlyh zkloh wkh
odwwhu whvwv wkh qxoo k|srwkhvlv ri wkh vwdwlrqdulw| djdlqvw wkh orfdo shuvlvwhqfh1 Zh
dsso| wkhvh whvwv wr wkh XV0edvhg dqg Mdsdqhvh0edvhg elodwhudo uhdo h{fkdqjh udwhv ri
J08 frxqwulhv iru wkh Srvw Euhwwrq0Zrrgv shulrg/ dqg irxqg wkdw wkh orfdo shuvlvwhqfh
dssur{lpdwhv wkh uhdo h{fkdqjh udwh pryhphqwv ehwwhu wkdq wkh vwdwlrqdu| dqg wkh
xqlw urrw surfhvv1
Wkurxjkrxw wkh sdshu/ zh frpsduh wkh orfdoo| shuvlvwhqw surfhvv wr wkh iudfwlrqdoo|
4Hylghqfh ri d urrw qhdu xqlw| lq wkh uhdo h{fkdqjh udwhv kdv ehhq iuhtxhqwo| uhsruwhg lq wkh
olwhudwxuh1 Lq idfw/ Gdue| +4<;3,/ PdfGrqdog +4<;8,/ Hqghuv +4<;;,/ dqg Pdun +4<<3, irxqg wkdw
wkh dxwruhjuhvvlyh frh!flhqw +zklfk lv wkh frh!flhqw ri phdq uhyhuvlrq, ri ydulrxv uhdo h{fkdqjh udwhv
lv durxqg 31<:/ dqg wklv lpsolhv wkdw uhdo h{fkdqjh udwhv kdyh d urrw qhdu xqlw| exw qrw qhfhvvdulo|
dq h{dfw xqlw urrw1
5lqwhjudwhg surfhvv +Judqjhu dqg Mr|hx{/ 4<;3> Krvnlqj/ 4<;4, vlqfh vrph sdvw vwxglhv
vxfk dv Fkhxqj dqg Odl +4<<6/ 5334, dqg Glherog hw do +4<<4, vxjjhvw wkdw wkh uhdo
h{fkdqjh udwh iroorzv wkh iudfwlrqdoo| lqwhjudwhg surfhvv/ zklfk fdq eh dovr uhjdughg
dv wkh surfhvv wkdw olhv ehwzhhq vwdwlrqdu| dqg xqlw urrw1 Dq lqwhuhvwlqj ihdwxuh ri
wkh iudfwlrqdoo| lqwhjudwhg surfhvv lv lwv sdwwhuq ri whpsrudo ghshqghqfh1 Iudfwlrqdo
prghov kdyh ehhq odujho| xvhg lq sk|vlfdo vflhqfhv wr prgho wlph vhulhv zlwk vhfxodu
f|fohv1 Wkh suhvhqfh ri vhfxodu f|fohv lpsolhv wkh h{lvwhqfh ri qrq0}hur dxwrfruuhodwlrq
ehwzhhq wzr hyhqwv revhuyhg pdq| |hduv dsduw/ ru d vhfxodu ghshqghqfh ehwzhhq
wlph vhulhv revhuydwlrqv1 Frpsduhg wr orfdo shuvlvwhqfh/ zh h{shfw orqjhu whpsrudo
ghshqghqfh lq wkh iudfwlrqdo lqwhjudwlrq fdvh1 Rq wkh rwkhu kdqg/ wkh iudfwlrqdoo|
lqwhjudwhg surfhvv dovr glvsod|v d phdq0uhyhuwlqj ehkdylru1 Wkhuhiruh/ wkh iudfwlrqdo
lqwhjudwlrq lq wkh uhdo h{fkdqjh udwh zrxog lpso| wkdw SSS krogv lq wkh orqj uxq
dv lq wkh orfdo shuvlvwhqfh fdvh1 Krzhyhu/ gxh wr wkh k|shuerolf ghfd|lqj ri wkh
lpsxovh uhvsrqvh frh!flhqw/ d ixoo SSS uhyhuvlrq pd| qrw rffxu dw d qlwh krul}rq/
ru zlwklq d uhdvrqdeoh orqj shulrg ri wlph/ li wkh uhdo h{fkdqjh udwh lv iudfwlrqdoo|
lqwhjudwhg1 Wkxv/ wkh SSS uhyhuvlrq zrxog wdnh idu orqjhu wkdq wkh fdvh ri orfdo
shuvlvwhqfh1 Wr vxssruw wkh orfdo shuvlvwhqfh lq wkh uhdo h{fkdqjh udwh djdlqvw wkh
iudfwlrqdo lqwhjudwlrq/ zh vkrz wkdw wkh whpsrudo ghshqghqfh sdwwhuq irxqg lq wkh uhdo
h{fkdqjh udwh gdwd lv pruh frqvlvwhqw zlwk wkh orfdo shuvlvwhqfh wkdq wkh iudfwlrqdo
lqwhjudwlrq1
Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh orfdo shuvlvwhqfh prgho/
ghyhorshg e| Skloolsv hw do +5334,1 Vhfwlrq 6 frpsduhv wkh orfdoo| shuvlvwhqw surfhvv
zlwk wkh iudfwlrqdoo| lqwhjudwhg surfhvv/ edvhg rq wkhlu whpsrudo ghshqghqfh dqg wkh
6lpsxovh uhvsrqvhv1 Lq grlqj vr/ zh dovr gudz wkh lpsolfdwlrqv rq wkh SSS k|srwkhvlv1
Vhfwlrq 7 suhvhqwv ydulrxv vwdwlvwlfdo surfhgxuh wr whvw zkhwkhu d wlph vhulhv lv d
vwdwlrqdu|/ d orfdo shuvlvwhqfh/ ru d xqlw urrw surfhvv1 Vhfwlrq 7 suhvhqwv wkh hpslulfdo
uhvxowv1 Ilqdoo|/ Vhfwlrq 8 frqfoxghv1
D zrug rq qrwdwlrq1 Zh zloo xvh wkh v|perov % , %> % $ % dqg % =@ % wr
vljqli| zhdn frqyhujhqfh/ frqyhujhqfh lq suredelolw| dqg htxdolw| lq glvwulexwlrq/
uhvshfwlyho|1 Iroorzlqj wkh vwdqgdug vwrfkdvwlf rughu ri pdjqlwxgh qrwdwlrq/ zh zulwh
[q @ Rs+4, dqg [q @ rs+4, wr vljqli| wkdw wkh vhtxhqfh ri udqgrp yduldeoh [q lv
erxqghg dqg frqyhujhv wr }hur/ uhvshfwlyho|/ dv wkh vdpsoh vl}h/ q> jrhv wr lqqlwh1
51 D Prgho zlwk Orfdo Shuvlvwhqfh
5141 Orfdoo| Shuvlvwhqw Surfhvv Zlwkrxw Guliw
Wkh wlph vhulhv wkdw zh frqvlghu lv wkh iroorzlqj surfhvv
|l @ d|l4 . xl/ d @ h
f
qg  4 .
f
qg/ l @ 4>===>q +514,
zkhuh wkh frh!flhqw d% lq wkh dxwruhjuhvvlrq lv qhdu xqlw| dqg phdvxuhv wkh shuvlv0
whqf| lq wlph vhulhv |l1 Zh doorz wkh huuruv xl wr eh d olqhdu surfhvv/ zklfk lqfoxghv
pdq| jhqhudo fryduldqfh vwdwlrqdu| wlph vhulhv wkdw vdwlvhv dq lqyduldqfh sulqflsoh1
Lw fdq eh vkrzq wkdw e| d uh0sdudphwhul}dwlrq +p @ qg, zh pd| uh0zulwh wkh deryh
wlph vhulhv lq wkh irupdw ri d eorfn orfdo wr xqlw| prgho zklfk zdv uvw lqwurgxfhg e|
Skloolsv hw do +5334,1 Iru pruh glvfxvvlrqv rq uhjxodulw| dvvxpswlrqv dqg dv|pswrwlf
surshuwlhv ri wkh deryh wlph vhulhv/ vhh Skloolsv hw do +5334,1
7Wkh surfhvv surylghv d qhz irup ri shuvlvwhqw ehkdylru1 Wkh deryh ghylfh surylghv
d vwdwlvwlfdo prgho iru zkdw pd| eh ghvfulehg dv orfdoo| shuvlvwhqw ehkdylru iru
pdfurhfrqrplf wlph vhulhv1 Pdq| pdfurhfrqrplf wlph vhulhv duh qrz zhoo nqrzq wr
glvsod| d irup ri shuvlvwhqfh zkhuhe| hfrqrplf vkrfnv kdyh orqj0uxq hhfwv1 Krzhyhu/
lw lv srvvleoh wkdw vkrfnv pd| dhfw dq hfrqrp| iru d orqj shulrg ri wlph exw qrw
iruhyhu1 Lq rwkhu zrugv/ wkh hhfwv ri d vkrfn pd| eh kljko| shuvlvwhqw ryhu d fhuwdlq
udqjh +wkh udqjh ri shuvlvwhqw ehkdylru,/ exw wkhq pd| ehjlq wr glvdsshdu rxwvlgh
wklv udqjh1 Lq wkh deryh prgho/ wkh dxwruhjuhvvlyh urrw ri wlph vhulhv |l lv forvh wr
xqlw|/ dqg wkxv shuvlvwhqf| fdq eh irxqg lq |l1 Rq wkh rwkhu kdqg/ wkh vhulhv hyroyhv
ryhu wlph lq vxfk d zd| wkdw wkhuh lv shuvlvwhqf| ryhu d udqjh ri wlph +ri rughu R+qg,>
frpsduhg wr wkh ixoo vdpsoh udqjh q,/ exw wkh hhfw ri vkrfnv zloo hyhqwxdoo| glvdsshdu
ryhu wlph krul}rq orqjhu wkdq rughu R+qg,1 Wkh uhjlrq ri shuvlvwhqw ehkdylru pd|
frqvwlwxwh d colwwoh lqqlw|* uhodwlyh wr wkh ixoo vdpsoh1 Vlqfh wkhuh lv shuvlvwhqw phpru|
zlwklq d wlph krul}rq ri rughu R+qg,> exw wkhuh lv rqo| vkruw phpru| ryhu orqjhu
shulrgv/ zh fdoo wklv w|sh ri phpru| orfdo shuvlvwhqfh ru uhjlrqdo shuvlvwhqfh1
Iru wklv uhdvrq/ zh fdoo wkh deryh surfhvv d orfdoo| shuvlvwhqw surfhvv zlwk shuvlvwhqw
sdudphwhu g1
Zh duh hvshfldoo| lqwhuhvwhg lq wkh fdvh wkdw 3 ? g ? 4= Lq wklv fdvh/ wkh surfhvv kdv
dxwruhjuhvvlyh frh!flhqw qhdu xqlw|  @ hf@qg
>f ? 3 exw lw lv qrw wkh frqyhqwlrqdo
vwdwlrqdu| ru xqlw urrw surfhvv1 Lw lv d orfdoo| shuvlvwhqw surfhvv1 Lq sduwlfxodu/
|^qu` @ R+qg@5,> lpso|lqj wkdw wkh surfhvv zloo xowlpdwho| glyhujh dw udwh qg@5 dv
q $ 4=
Krzhyhu/ wkh prgho lq htxdwlrq +514, grhv lqfoxgh wkh wudglwlrqdo vwdwlrqdu| sur0
8fhvv dqg wkh xqlw0urrw w|sh shuvlvwhqf| dv wzr vshfldo h{wuhph fdvhv1 Lq sduwlfxodu/
+l, Zkhq g @ 4> lw uhgxfhv wr wkh wudglwlrqdo qhdu0lqwhjudwhg surfhvvhv dqg kdv wkh
frqyhqwlrqdo xqlw0urrw w|sh shuvlvwhqf|1 Lq sduwlfxodu/ vkrfnv kdv shupdqhqw hhfwv/
zlwk |^qu` glyhujlqj dw udwh q4@5/ zklfk lv wkh vdph udwh ri glyhujhqfh suhvhqwhg e| d
xqlw urrw surfhvv= Vhh/ lqwhu dold/ Skloolsv +4<;;,/ iru surshuwlhv ri wklv nlqg ri surfhvv
+ll, Zkhq g @ 3> wkh surfhvv ehfrphv vwdqgdug vwdwlrqdu| surfhvv=
Orfdoo| shuvlvwhqw surfhvvhv duh qrw fryduldqfh0vwdwlrqdu| dqg/ dv zh zloo vhh vrrq/
wkh| pd| eh xvhg wr prgho wkh g|qdplfv ri hfrqrplf wlph vhulhv wkdw glvsod| shuvlv0
whqfh dv zhoo dv wudqvlwru| vkrfnv1 Ryhudoo/ zh fdq ylhz wkh orfdo shuvlvwhqw surfhvv/
3 ? g ? 4> dv d surfhvv wkdw olhv ehwzhhq d fryduldqfh0vwdwlrqdu| dqg xqlw urrw1
5151 Orfdoo| Shuvlvwhqw Surfhvv Zlwk D Ghwhuplqlvwlf Wuhqg
Wkh orfdoo| shuvlvwhqw surfhvv fdq eh h{whqghg wr lqfoxgh d ghwhuplqlvwlf wlph wuhqg1
Vxfk dq h{whqvlrq lv lpsruwdqw ehfdxvh pdq| hfrqrplf wlph vhulhv glvsod| whqghqf|
ri jurzwk1 Zh pd| frqvlghu d orfdoo| shuvlvwhqw surfhvv |
l zlwk wuhqg frpsrqhqw
|
l @ l . |l> |l @ d|l4 . xl/ d  4 .
f
qg/ l @ 4>===>q= +515,
zkhuh l lv d ghwhuplqlvwlf wuhqg/ wkh ohdglqj fdvh ehlqj d olqhdu wlph wuhqg zkhuh
l @ *r . *w @ *3
|
l= Wkh vwrfkdvwlf sduw uhsuhvhqwhg e| htxdwlrq +515, fruuhvsrqgv
wr +514,/ d orfdoo| shuvlvwhqw surfhvv zlwkrxw wuhqg1
Qrwh wkdw wkh wuhqg frh!flhqwv duh xqnqrzq dqg wkxv/ lq sudfwlfh/ dssursuldwh gh0
wuhqglqj lv qhhghg1 Zh pd| hvwlpdwh |l iurp wkh uhvlgxdov ri wkh iroorzlqj ghwuhqglqj
uhjuhvvlrq
9|
l @ e *
3
|
l . e |l +516,
zkhuh e *| lv wkh ohdvw vtxduhv hvwlpdwru ri *|1 Wkh ghwuhqghg wlph vhulhv e |l kdv
surshuwlhv vlplodu wr wkh surfhvv zlwk qr guliw |l +vhh Skloolsv hw do/ 5334,1
61 Orfdo Shuvlvwhqfh dqg Orqj Phpru| lq Uhdo H{fkdqjh Udwh
dqg SSS K|srwkhvlv
Wkh uhdo h{fkdqjh udwh ehkdylru kdv ehhq wkh remhfw ri lqwhqvh vwxg| lq sdvw zrunv1
E| h{dplqlqj wkh vwdwlvwlfdo surshuwlhv ri wkh uhdo h{fkdqjh udwh/ sdvw vwxglhv kdyh
wulhg wr gudz vrph lpsolfdwlrqv rq wkh SSS k|srwkhvlv1 Wkh SSS k|srwkhvlv vxjjhvwv
wkdw qdwlrqdo sulfh ohyhov ri wzr frxqwulhv duh htxdol}hg zkhq h{suhvvhg lq wkh frpprq
fxuuhqf| xqlw1 Hyhq wkrxjk wklv uhodwlrq lv qrw olnho| wr krog lq wkh vkruw uxq gxh wr
sulfh vwlfnlqhvv/ lw pd| krog lq wkh orqj uxq1 Lq sdvw vwxglhv/ wkh prvw srsxodu zd| ri
whvwlqj wkh SSS k|srwkhvlv lq wkh orqj uxq zdv h{dplqlqj wkh vwdwlvwlfdo surshuwlhv ri
wkh uhdo h{fkdqjh udwh1 Wkh uhdo h{fkdqjh udwh/ e| ghqlwlrq/ lv wkh uhodwlyh qdwlrqdo
sulfh ohyho ri wzr frxqwulhv h{suhvvhg lq frpprq fxuuhqf| xqlwv1 Li wkh uhdo h{fkdqjh
udwh lv vwdwlrqdu|/ ghyldwlrqv iurp wkh SSS duh wudqvlwru| dqg d phdq uhyhuvlrq rffxuv1
Lq vxfk d fdvh/ wkh uhodwlyh qdwlrqdo sulfh ohyho lv htxdol}hg lq wkh orqj uxq dqg wkh
SSS k|srwkhvlv krogv lq wkh orqj uxq1 Krzhyhu/ li wkh uhdo h{fkdqjh udwh kdv d xqlw
urrw/ ghyldwlrqv iurp wkh SSS duh shupdqhqw dqg d phdq uhyhuvlrq grhv qrw rffxu1
Lq vxfk d fdvh/ wkh SSS grhv qrw krog lq wkh orqj uxq1
Dowkrxjk pdq| sdvw vwxglhv kdyh irfxvhg rq wkh vwdwlrqdu| dqg wkh xqlw urrw sur0
:fhvv/ zkdw li wkh uhdo h{fkdqjh udwh surfhvv lv ehwwhu ghvfulehg e| wkh orfdoo| shuvlvwhqw
surfhvvB Zkhq wkh uhdo h{fkdqjh udwh surfhvv lv orfdoo| shuvlvwhqw +htxdwlrqv 514 dqg
515 zlwk 3 ? g ? 4,/ lqwhuhvwlqj lpsolfdwlrqv duh rewdlqhg iru wkh SSS uhyhuvlrq
dqg wkh SSS k|srwkhvlv1 Uhdo h{fkdqjh udwhv kdyh d urrw qhdu xqlw| dqg duh kljko|
shuvlvwhqw zlwklq d fhuwdlq uhjlrq/ exw vxfk shuvlvwhqfh glvdsshduv dw orqjhu krul}rqv1
Wkhuhiruh/ wkh SSS k|srwkhvlv krogv lq wkh orqj uxq/ hyhq wkrxjk orfdo shuvlvwhqfh
lpsolhv d qhdu0xqlw| dxwruhjuhvvlyh urrw dqg qrq0vwdwlrqdulw|1
D orqj phpru| surfhvv +ru d iudfwlrqdo lqwhjudwlrq, fdq eh wkrxjkw ri dv dqrwkhu
surfhvv wkdw olhv ehwzhhq wkh frqyhqwlrqdo fryduldqfh vwdwlrqdu| dqg xqlw urrw sur0
fhvvhv1 Vlqfh vrph sdvw vwxglhv vxfk dv Fkhxqj dqg Odl +4<<6/ 5334, dqg Glherog
hw do +4<<4, vxjjhvwhg wkdw wkh uhdo h{fkdqjh udwh iroorzv wkh iudfwlrqdoo| lqwhjudwhg
surfhvv/ zh frpsduh orfdo shuvlvwhqw surfhvv zlwk wkh iudfwlrqdoo| lqwhjudwhg surfhvv/
dqg wu| wr gudz lpsolfdwlrqv rq wkh SSS k|srwkhvlv1 Lpsruwdqwo|/ wkh iudfwlrqdoo|
lqwhjudwhg surfhvv +IL+g,, lv pruh dssursuldwh wr fdswxuh orqj0udqjh ghshqghqfh/ dqg
rxu orfdoo| shuvlvwhqw surfhvv +OS+g,, fkdudfwhul}hv shuvlvwhqfh zlwklq udqjhv ri shu0
vlvwhqf|1 Dv zh zloo h{sodlq/ d iudfwlrqdo lqwhjudwlrq lq wkh uhdo h{fkdqjh udwh dovr
lpso| wkh sdulw| uhyhuvlrq dqg wkh ydolglw| ri orqj0uxq SSS k|srwkhvlv/ exw vkrfn
glvvlsdwlrq zrxog wdnh d pxfk orqjhu wlph wkdq lq wkh fdvh ri orfdo shuvlvwhqfh/ dqg
zh pljkw vd| wkdw/ iru d uhdvrqdeo| orqj shulrg ri wlph/ ru iru qlwh krul}rqv/ ixoo
SSS uhyhuvlrq pd| qrw rffxu1
;6141 Whpsrudo Ghshqghqfh
Dv d frpsdudwlyh h{dpsoh/ dvvxph wkdw uhdo h{fkdqjh udwh lv prghoohg e| d iudfwlrqdo
zklwh qrlvh surfhvv/ zklfk lv d glvfuhwh wlph yhuvlrq ri iudfwlrqdo Eurzqldq prwlrq1
Wkh surfhvv lv ghqhg dv
+4  O,g+|l  , @ xl> +614,
zkhuh H+xl, @ 3> H+x5
l, @ 5> H+xlxv, @ 3 iru v 9@ l> dqg zkhuh wkh sdudphwhu g lv d
qrqlqwhqjhu1 Rqh vd|v wkdw wkh uhdo h{fkdqjh udwh lv zhdno| vwdwlrqdu| iru g ? 4@5=
Zkhq g 5 +3>4,/ wkhq zh vd| wkdw uhdo h{fkdqjh udwhv glvsod|v orqj0udqjh ghshqghqfh
ru orqj phpru|/ zkhuhdv li g ? 3 wkh surfhvv h{klelwv dqwl0shuvlvwhqf|1 Iroorzlqj
wkh olwhudwxuh rq sdulw| uhyhuvlrq/ zh zloo irfxv rqo| rq fdvhv zkhuh wkh sdudphwhu ri
iudfwlrqdo lqwhjudwlrq lv g 5 +3>3=8,=5
Zh xvh wkh dxwrfryduldqfh ixqfwlrq wr ghvfuleh wkh sdwwhuq ri whpsrudo ghshqghqfh
glvsod|hg e| dq hfrqrplf wlph vhulhv1 Li zh orrn dw wkh odj k dxwrfryduldqfh ixqfwlrq/
wkh orqj0phpru| surfhvv kdv lwv dxwrfryduldqfh ixqfwlrq sursruwlrqdo wr mkm
5g4 > exw
wkh orfdoo| shuvlvwhqw surfhvv kdv dxwrfryduldqfh ixqfwlrq sursruwlrqdo wr +hf@qg
,k=
Li |rx frqvlghu wkh vwdqgdugl}hg orfdoo| shuvlvwhqw surfhvv6/ lq zklfk f @ 4> wkhq
wkh dxwrfryduldqfh ixqfwlrq zloo eh sursruwlrqdo wr hk@qg
= Iljxuhv 4 dqg 5 vkrz wkh
5Zkhq g uhihuv wr wkh sdudphwhu ri orfdo shuvlvwhqfh/ wkh lw pd| eh ohvv wkdq xqlw| dqg odujhu
wkdq }hur1
6Wkurxjkrxw wklv sdshu/ zh zloo xvh wkh vwdqgdugl}hg orfdoo| shuvlvwhqw surfhvv wr prgho wkh
g|qdplf ri uhdo h{fkdqjh udwhv








Iljxuh 614= Whpsrudo Ghshqghqfh= IL+3168, 0 grwwhg olqh> OS+3168, 0 vrolg olqh1
judsk ri wkh ixqfwlrqv mkm
5g4+grwwhg olqh, dqg hk@qg
+vrolg olqh,1 Zh frqvlghuhg
wkh fdvhv g @ 3=68 dqg g @ 3=78 iru wkh iudfwlrqdoo| lqwhjudwhg surfhvv/ zkhuh g lv
wkh sdudphwhu ri iudfwlrqdo lqwhjudwlrq1 Dv iru wkh vwdqgdugl}hg orfdoo| shuvlvwhqw
surfhvvhv/ zh dovr frqvlghuhg g @ 3=68 dqg g @ 3=78 / exw qrz g uhsuhvhqwv wkh
sdudphwhu ri orfdo shuvlvwhqfh17
Wkh deryh jxuhv uhyhdo lpsruwdqw idfwv rq orfdo shuvlvwhqfh dqg orqj phpru|1
Iluvw qrwlfh wkdw wkh dxwrfryduldqfh ri d vwdqgdugl}hg OS surfhvv frqyhujhv wr }hur dv
wkh odj lqfuhdvhv1 Wkxv/ li uhdo h{fkdqjh udwh lv orfdoo| shuvlvwhqw lw zloo kdyh whpsrudo
ghshqghqfh +l1h1/ qrq0}hur dxwrfryduldqfh, ryhu d fhuwdlq udqjh/ exw qrw iruhyhu dqg
lw zloo hyhqwxdoo| glvdsshdu1 Li zh lqfuhdvhv wkh sdudphwhu ri orfdo shuvlvwhqfh iurp
7Iru wkh vwdqgdugl}hg orfdoo| shuvlvwhqw surfhvv/ zh vhw ? ' Dffc exw wkh frqfoxvlrq lv qrw dhfwhg
li |rx frqvlghu rwkhu vdpsoh vl}hv1








Iljxuh 615= Whpsrudo Ghshqghqfh= IL+3178, 0 grwwhg olqh> OS+3178, 0 vrolg olqh1
g@3168 wr g@3178/ wkhq zh qrwlfh wkdw wkh dxwrfryduldqfh ixqfwlrq htxdov }hur dw
d kljkhu odj/ lqglfdwlqj wkdw wkh h{whqvlrq ri wkh uhjlrq ri whpsrudo shuvlvwhqf| lv
ghwhuplqhg e| wkh pdjqlwxgh ri wkh orfdo shuvlvwhqfh sdudphwhu1
Dv iru wkh orqj phpru| surfhvv/ zh fdq vhh wkdw lwv dxwrfryduldqfh ixqfwlrq ghfd|v
k|shuerolfdoo| dqg/ wkhuhiruh/ pxfk vorzhu1 Wkxv/ li wkh uhdo h{fkdqjh udwh h{klelwv
orqj phpru|/ wkhq lw zloo glvsod| whpsrudo ghshqghqfh ryhu d orqj wlph shulrg= wkh
wlph vhulhv zloo kdyh vhfxodu ghshqghqfh1 Zh eholhyh wkdw dowkrxjk uhdo h{fkdqjh
udwhv kdyh kljk whpsrudo ghshqghqfh/ lq wkh vhqvh wkdw wkh| duh kljko| fruuhodwhg
zlwk sdvw revhuydwlrqv/ wklv ghshqghqfh pd| qrw eh vhfxodu dqg/ wkhuhiruh/ wkh| duh
olnho| wr glvdsshdu diwhu vrph qlwh wlph1 Li lw lv wkh fdvh/ wkhq wkh orfdoo| shuvlvwhqw
surfhvv vhhpv wr eh pruh dghtxdwh wr prgho wkh g|qdplf ri wkh uhdo h{fkdqjh udwh1
446151 Lpsxovh Uhvsrqvh Ixqfwlrq
Zh glvfxvv wkh lpsxovh uhvsrqvh ixqfwlrq ri d orfdoo| shuvlvwhqw dqg d iudfwlrqdoo|
lqwhjudwhg surfhvv/ vlqfh wkh qrwlrq ri SSS uhyhuvlrq lv edvhg xsrq wkh ehkdylru
ri wkh lpsxovh uhvsrqvh ixqfwlrq ri wkh surfhvv ghvfulelqj wkh uhdo h{fkdqjh udwh
pryhphqw1
Dq lpsxovh uhvsrqvh ixqfwlrq wudfhv wkh hhfw ri d vkrfn lq wkh lqqrydwlrq xl rq
fxuuhqw dqg ixwxuh ydoxhv ri wkh hqgrjhqrxv yduldeohv |l 1 Li wkh uhdo h{fkdqjh udwh
lv vwdwlrqdu|/ g @ 3> wkhq lwv lpsxovh uhvsrqvh zloo frqyhujh wr }hur dv wkh uhvsrqvh
krul}rq n lqfuhdvhv dqg zh vd| wkdw wkh vkrfnv duh wudqvlwru| dqg/ wkhuhiruh/ wkh SSS
k|srwkhvlv krogv lq wkh orqj uxq1 Rq wkh rwkhu kdqg/ zkhq wkh uhdo h{fkdqjh udwh kdv
d xqlw urrw wkh lpsxovh uhvsrqvh qhyhu frqyhujhv wr }hur1 Dv dq looxvwudwlrq/ frqvlghu
wkh iroorzlqj prghov=
Prgho 4= |l @ |l4 . xl> xl  llg dqg mm  4=
Prgho 5= +4  O,g+|l  , @ xl> xl  llg dqg  @ 4=
Prgho 6= |l @ |l4 . xl> xl  llg>  @ h4@qg
=
Lq Prgho 4/ wkh uhdo h{fkdqjh udwh/ |l> lv vwdwlrqdu| zkhq mm ? 41 Li wkh uhvsrqvh




@ n4 $ 3 dv n $ 41 Wkhuhiruh/ li |l lv vwdwlrqdu|/ wkh vkrfnv zloo eh




LUn ? 4> lpso|lqj wkdw wrwdo vxp ri wkh hhfwv rq wkh ixwxuh ydoxhv
ri wkh uhdo h{fkdqjh udwh lv d qlwh qxpehu1 Qrz zh frqvlghu Prgho 4 zkhuh |l kdv
d xqlw urrw/ wkdw lv/  @ 41 Lq wklv udqgrp zdon vshflfdwlrq/ wkh lpsxovh uhvsrqvh
45lv= LUn @ 4 iru dq| n= Wkh vkrfnv qhyhu ydqlvk zkhq wkhuh lv d xqlw urrw1 Wkxv/ wkh





Prgho 5 uhsuhvhqwv d iudfwlrqdo zklwh qrlvh surfhvv1 Wklv surfhvv fdq eh h{suhvvhg








@ n  4@+n4g, iru 3 ? g ? 4= Vr/ wkh hhfw ri lqqrydwlrqv
ydqlvkhv lq wkh orqj uxq/ exw ydqlvk vorz ehfdxvh ri wkh k|shuerolfdoo| ghfd|lqj ri
wkh lpsxovh0uhvsrqvh frh!flhqw1 Dovr qrwlfh wkdw vlqfh 3 ? 4  g ? 4> zh kdyh
4 S
n@3
LUn @ 4 vr wkdw wkh vxppdwlrq ri wkh hhfwv ryhu wlph ri d xqlw lqqrydwlrq
lv lqqlwh1 Wkhuhiruh/ dw d orqj krul}rq/ wkh wrwdo vxp ri wkh hhfwv lq wkh fdvh ri
iudfwlrqdo lqwhjudwlrq lv dv vwurqj dv wkrvh lq wkh xqlw urrw fdvh1
Qrz/ zh dqdo|}h wkh ehkdylru ri wkh lpsxovh uhvsrqvh ixqfwlrq ri vwdqgdugl}hg
orfdoo| shuvlvwhqw surfhvvhv1 Frqvlghu Prgho 6 zlwk 3 ? g ? 41 Wkh n shulrg lpsxovh
uhvsrqvh lv jlyhq e| LUn @ +h4@qg
,n4 dqg zh fdq vhh wkdw LUn $ 3 li n @ Rs+qg.,
iru dq|  A 3 +LUn 9$ 3 li n @ Rs+qg, ru rs+qg,,1 Wkxv/ wkh lpsxovh uhvsrqvh grhv qrw
jr wr }hur lq uhodwlyho| vkruwhu shulrg/ exw grhv jr wr }hur lq orqjhu krul}rq1 Lq wklv
vhqvh/ zh vd| wkdw li wkh uhdo h{fkdqjh udwh lv orfdoo| shuvlvwhqw/ lwv lpsxovh uhvsrqvh
hyhqwxdoo| frqyhujhv wr }hur dqg/ wkhuhiruh/ wkh vkrfnv duh joredoo| wudqvlwru| dqg wkh
OU SSS krogv1 Lq dgglwlrq/ wkh vxppdwlrq ri wkh hhfwv ryhu wlph lv qlwh/ wkdw lv/
4 S
n@3
LUn ? 4> lpso|lqj wkdw/ dw orqj krul}rq/ wkh wrwdo vxp ri wkh hhfw lv zhdnhu
lq wkh fdvh ri orfdo shuvlvwhqfh wkdq wkdw lq wkh fdvh ri wkh iudfwlrqdo lqwhjudwlrq1
46Pruhryhu/ rqh fdq hdvlo| vhh wkdw wkh ghjuhh ri shuvlvwhqfh lv ghwhuplqhg e| wkh
sdudphwhu ri orfdo shuvlvwhqfh/ g= wkh odujhu g lv/ wkh pruh shuvlvwhqw duh wkh vkrfnv
dqg/ wkhuhiruh/ zh fdq d!up wkdw vkrfnv wdnh pxfk pruh wlph wr glh rxw zkhq wkh
uhdo h{fkdqjh udwh lv orfdoo| shuvlvwhqw +3 ? g ? 4, wkdq zkhq lw lv vwdwlrqdu| +g @ 3,1
Wkdw lv/ orfdo shuvlvwhqf| olhv ehwzhhq wkh vwdwlrqdu| dqg wkh xqlw urrw fdvhv lq whupv
ri shuvlvwhqfh ri vkrfnv1
Ryhudoo/ zh pd| vd| wkdw d orfdoo| shuvlvwhqw surfhvv dqg d iudfwlrqdoo| lqwhjudwhg
surfhvv duh vlplodu lq wkh vhqvh wkdw wkh duh vlwwlqj lq ehwzhhq wkh vwdwlrqdu| dqg
xqlw urrw h{wuhphv dqg wkhlu lpsxovh uhvsrqvhv frqyhujh wr }hur/ exw wkh| frqyhujh
vorzhu wkdq zkhq wkh surfhvv lv hujrglf vwdwlrqdu|1 Krzhyhu/ vkrfnv dhfwlqj d IL+g,
surfhvv wdnhv pxfk orqjhu wlph wr glh rxw dqg/ frqvhtxhqwo|/ kdyh d odujhu wrwdo vxp
ri wkh hhfwv wkdq vkrfnv dhfwlqj d OS+g, surfhvv1 Wkhuhiruh/ wkh ixoo phdq uhyhuvlrq
zrxog wdnh pxfk orqjhu iru iudfwlrqdo lqwhjudwlrq wkdq orfdo shuvlvwhqfh1 Lq idfw/ gxh
wr wkh k|shuerolfdoo| ghfd|lqj ri wkh lpsxovh uhvsrqvh frh!flhqw n> wkh iudfwlrqdo
lqwhjudwlrq pd| lpso| wkdw wkh ixoo uhyhuvlrq zrxog qrw rffxu zlwklq d uhdvrqdeo|
orqj shulrg ri wlph ru dw d qlwh shulrg ri wlph1
71 Vwdwlvwlfdo Surfhgxuhv
Lq wklv vhfwlrq/ zh glvfxvv ydulrxv vwdwlvwlfdo phwkrgv wr ghwhfw zkhwkhu d wlph vhulhv
kdv d xqlw urrw/ lv hujrglf vwdwlrqdu|/ ru orfdoo| shuvlvwhqw1 Iluvw ri doo/ qrwh wkdw wkh
frqyhqwlrqdo DGI whvw grhv qrw whoo pxfk1 Hlwkhu uhmhfwlrq ru qrq0uhmhfwlrq ri wkh
xqlw urrw qxoo grhv qrw qhfhvvdulo| lpso| wkdw wkh surfhvv lv vwdwlrqdu| ru xqlw urrw
vlqfh zh fdqqrw h{foxgh wkh orfdoo| shuvlvwhqw surfhvv1
47Iluvw/ zh glvfxvv wkh prglhg Glfnh|0Ixoohu whvw +GI0JOV,/ lqwurgxfhg e| Hoolrw hw
do1 +4<<5,1 Lw kdv jrrg srzhu wr whvw wkh qxoo k|srwkhvlv ri dq h{dfw xqlw urrw djdlqvw
wkh orfdo wr xqlw| dowhuqdwlyh ri vwdwlrqdulw|1 Qh{w/ zh glvfxvv wkh Olpd0[ldr +5335,
phwkrg wr whvw wkh qxoo k|srwkhvlv ri vwdqgdug vwdwlrqdu| djdlqvw orfdo shuvlvwhqfh1
Ilqdoo|/ zh glvfxvv wkh phwkrg wr hvwlpdwh wkh sdudphwhu g ri wkh orfdoo| shuvlvwhqw
surfhvv zkhq d vhulhv lv d orfdoo| shuvlvwhqw surfhvv1 Dv vkrzq lq wkh suhylrxv vhfwlrqv/
wkh sdudphwhu g uhsuhvhqwv wkh shuvlvwhqf| ri wkh surfhvv1
7141 GI0JOV Whvw
Wkh GI0JOV whvw/ lqwurgxfhg e| Hoolrw hw do1 +4<<9, kdv d srzhu ixqfwlrq wkdw lv forvh
wr wkh srzhu hqyhorsh1 Wklv lpsolhv wkdw wkh GI0JOV whvw kdv ehwwhu srzhu djdlqvw
orfdo wr xqlw| dowhuqdwlyh1 Wkh yhuvlrq ri wkh whvw wkdw doorzv iru d olqhdu wuhqg lv







lm . yl +714,
zkhuh yl lv dq huuru whup dqg |
l lv wkh orfdoo| ghwuhqghg gdwd surfhvv xqghu wkh orfdo
dowhuqdwlyh ri  @ 4 . f@q1 Wklv lv looxvwudwhg e|=
|
l @ |l  }ll +715,
zkhuh }l @ +4>l, lv d olqhdu wuhqg dqg  lv wkh ohdvw vtxduh uhjuhvvlrq frh!flhqw ri
h |l rq h }l> zkhuh h |l @ ^|4> +4  dO,|5> 111/ +4  dO,|q`3 dqg h }l @ ^}4> +4  dO,}5> 111/
+4  dO,}q`3= Wkh GI0JOV vwdwlvwlf lv jlyhq e| wkh w0udwlr/ zkhq whvwlqj Kr = !r @ 3
djdlqvw K4 = !r ? 3= Hoolrw hw do +4<<9, uhfrpphqghg wkh orfdol}lqj sdudphwhu/ f>
48wr eh vhw htxdo wr 046181 Iru wkh vshflfdwlrq zlwkrxw d olqhdu wuhqg exw vwloo zlwk d
frqvwdqw/ rqh vkrxog jr ryhu wkh vdph vwhsv e| uhsodflqj |
l zlwk wkh orfdoo| ghphdqhg
vhulhv |

l dqg }l @ 4= Iru wklv fdvh/ rqh vkrxog qrz vhw f @ :=
7151 Olpd0[ldr Whvw
Wkh Olpd0[ldr whvw +Olpd dqg [ldr/ 5335, zdv ghvljqhg wr whvw wkh qxoo k|srwkhvlv
Kr = g @ 3 djdlqvw wkh dowhuqdwlyh Kd = 3 ? g  4 lq wkh orfdo shuvlvwhqfh prgho1
Wkh qxoo k|srwkhvlv lv whvwhg e| orrnlqj dw wkh  xfwxdwlrq ri wkh uhdo h{fkdqjh udwh/
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+716,









|l|l.k lv wkh orqj0uxq yduldqfh
zlwk wuxqfdwlrq sdudphwhu t=
Li wkh uhdo h{fkdqjh udwh lv qrw gluhfwo| revhuydeoh gxh wr wkh suhvhqfh ri wlph
wuhqg/ wkhq wkh whvw vwdwlvwlf 716 zloo eh hydoxdwhg dw wkh ghwuhqghg ydoxh ri wkh uhdo
h{fkdqjh udwh e |l/ wkdw lv
e Tq@
Pd{















    
+717,
zkhuh e |l lv wkh ghwuhqghg ydoxh ri wkh uhdo h{fkdqjh udwh1 Xqghu wkh qxoo k|srwk0
hvlv/ Olpd dqg [ldr+5335, vkrz wkdw
Tq @
Pd{










































3  u  4
     













     
zkhuh Z|+u,  uZ|+4, lv d vwdqgdug Eurzqldq eulgjh1 Dv vkrzhg lq Eloolqjvoh|
+4<9;,/ wkh fruuhvsrqglqj glvwulexwlrq ixqfwlrq ri wkh olplwlqj yduldwh/
vxs
3u4 mZ+u,  uZ+4,m>
kdv wkh zhoo0nqrzq Nroprjrur irup=
I+{, @ Sui
vxs
3  u  4
mZ+u,  uZ+4,m  {j +71:,
@ 4 . 5
4 S
m@4
+4,m h{s+5m5{5, iru {  3
dqg
I+{, @ 3 iru { ? 3
Frqvhtxhqwo|/ li wkhuh lv qr wlph wuhqg/ wkhq wkh deryh glvwulexwlrq fdq eh xvhg
wr ghulyh wkh fulwlfdo ydoxhv iru wkh Olpd0[ldr whvw 1 Wdeoh LL jlyhv fulwlfdo ydoxhv iru
wkh whvw vwdwlvwlf Tq=
Wdeoh LL= Xsshu Wdlo Fulwlfdo Ydoxhv iru Tq
Ohyho ri Vljqlfdqfh 314 3138 3134
Fulwlfdo ydoxh 4155 4169 4196
Rq wkh rwkhu kdqg/ wkh whvw vwdwlvwlf e Tq frqyhujhv wr wkh vxs ri wkh Eurzqldq
eulgjh soxv d vhfrqg whup eurxjkw ri d wlph wuhqg w1 [ldr +4<<<, fdofxodwhg/ yld
vlpxodwlrq/ wkh fulwlfdo ydoxhv iru wkh whvw vwdwlvwlf e Tq zklfk lv uhsurgxfhg lq wkh
Wdeoh ehorz1
4:Wdeoh LLL= Xsshu Wdlo Fulwlfdo Ydoxhv iru h Tq
Ohyho ri Vljqlfdqfh 314 3138 3134
Fulwlfdo ydoxh 31;5: 31<34 41374
Olpd dqg [ldr +5335, dovr vkrzhg wkdw Tq dqg e Tq zloo glyhujh xqghu wkh dowhu0
qdwlyh k|srwkhvlv 3 ? g  4> dv q $ 4=
7161 Hvwlpdwlrq ri wkh Orfdo Shuvlvwhqfh Sdudphwhu1
Dffruglqj wr orfdoo| shuvlvwhqw surfhvv/ wkh h{whqvlrq ri uhjlrq ri shuvlvwhqf| lv jlyhq
e| wkh pdjqlwxgh ri wkh sdudphwhu g= Wkh juhdwhu wkh ydoxh ri g> wkh orqjhu wkh
shuvlvwhqw udqjh dqg wkh orqjhu wkh shuvlvwhqw hhfw zloo odvw1 Wkhuhiruh/ lw wxuqv rxw
wr eh lpsruwdqw wr hvwlpdwh wkh sdudphwhu g lq rughu wr lghqwli| wkh ghjuhh ri orfdo
shuvlvwhqfh ri wkh vwrfkdvwlf surfhvv1 Lq rughu wr gr vr zlwkrxw fkdqjlqj wkh ohyho
ri shuvlvwhqf| +pdjqlwxgh ri g,/ Olpd dqg [ldr +5335, vxjjhvwhg wr vwdqgdugl}h wkh
orfdol}lqj sdudphwhu1 Iru frqyhqlhqfh/ wkh| frqvlghu d vwdqgdugl}hg OS surfhvv/ lq
zklfk wkh orfdol}lqj sdudphwhu/ f/ htxdov 41 Qrwlfh wkdw 4   @ qg> dqg diwhu
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Wkhuhiruh/ e d lv pdgh xs ri wzr frpsrqhqwv1 Wkh uvw rqh fruuhvsrqgv wr wkh
xvxdo ohdvw0vtxduh hvwlpdwru ri d1 Wkh vhfrqg rqh lv d qrqsdudphwulf fruuhfwlrq wkdw
xvhv wkh frqvlvwhqw hvwlpdwru ri wkh rqh vlghg orqj uxq fryduldqfh sdudphwhu/ e 18 Wkh
qrqsdudphwulf fruuhfwlrq lv qhhghg zkhqhyhu zh kdyh d qrq l1l1g1 lqqrydwlrq vhtxhqfh=
Zkhq wkh lqqrydwlrq vhtxhqfh ixlj lv lqghshqghqw dqg lghqwlfdoo| glvwulexwhg/ zh
kdyh  @ 3=
Wkh deryh uhvxow lpsolhv wkdw
qg+4  e ,
S $ 4 ru oq^qg+4  e ,`
S $ 3 +7144,
Khqfh/ rqh fdq sursrvh wkh iroorzlqj frqvlvwhqw hvwlpdwru iru g =
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8141 Edvlf Vwdwlvwlfdo Uhvxowv
Zh xvhg prqwko| gdwd ri wkh XV0groodu edvhg dqg Mdsdqhvh0|hq edvhg elodwhudo uhdo
h{fkdqjh udwhv1 Wr frqvwuxfw wkh uhdo h{fkdqjh udwh/ wkh gdwd rq wkh qrplqdo h{fkdqjh
udwh dqg wkh sulfh ohyho +Frqvxphu Sulfh Lqgh{, duh froohfwhg iurp wkh Lqwhuqdwlrqdo
Ilqdqfldo Vwdwlvwlfv FG0Urp/ zklfk lv pdgh e| wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg
+LPI,1 Wkh vdpsoh fryhuv wkh Srvw0Euhwwrq Zrrgv shulrg wkdw uxqv iurp Dsulo 4<:6
wr Pdufk 53341 Uhdo h{fkdqjh udwhv duh xvhg lq orjdulwkp irup1 Iljxuh 814 vkrzv
judskv ri : elodwhudo uhdo h{fkdqjh udwhv1 Hdfk vhulhv lv sorwwhg dqg fhqwhuhg zlwk
uhvshfw wr lwv vdpsoh phdq1 Rqh fdq vhh wkdw XV0groodu edvhg uhdo h{fkdqjh udwhv
glvsod| zlgh  xfwxdwlrqv/ exw wkhuh vhhpv wr eh d phdq uhyhuvlrq lq prvw fdvhv1
Lq rughu wr frqwuro wkh srvvleoh irufhv wkdw pryh wkh uhdo h{fkdqjh udwh wr d
gluhfwlrq lq wkh orqj uxq +vxfk dv Edodvvd0Vdpxohvrq hhfw,/ dqg wr eh frqvlvwhqw zlwk
sdvw vwxglhv vxfk dv Fkhxqj dqg Odl +5334,/ zh ghflghg wr lqfoxgh d ghwhuplqlvwlf
wuhqg lq wkh vshflfdwlrq ri Mdsdqhvh0|hq edvhg uhdo h{fkdqjh udwhv1 Iljxuh 815 vkrzv
wkh ghwuhqghg ydoxh iru doo wkh Mdsdqhvh0|hq edvhg uhdo h{fkdqjh udwhv1 Rqh fdq
vhh wkdw doo wkh ghwuhqghg vhulhv glvsod| zlgh  xfwxdwlrqv exw vwloo duh qrw fohduo|
lqfrqvlvwhqw zlwk wuhqg uhyhuvlrq1
Jlyhq wkh ylvxdo hylghqfh ri phdq uhyhuvlrq lq jxuhv 6 dqg 7/ zh pd| h{shfw
wkh DGI xqlw urrw whvw wr uhmhfw wkh qxoo k|srwkhvlv ri d xqlw urrw iru prvw fdvhv1
Krzhyhu/ dv vxjjhvwhg e| sdvw vwxglhv/ wklv ylvxdo lpsuhvvlrq ri phdq uhyhuvlrq +ru
wuhqg uhyhuvlrq, kdv ehhq kdug wr hvwdeolvk vwdwlvwlfdoo| xvlqj wudglwlrqdo xqlw urrw
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Iljxuh 814= Orj ri Uhdo H{fkdqjh Udwhv +fhqwhuhg,
























Iljxuh 815= Orj ri Uhdo H{fkdqjh Udwhv +ghwuhqghg,
55whvwv1 Wkh vshflfdwlrq zlwk wuhqg dqg lqwhufhsw lv xvhg iru Mdsdqhvh vhulhv/ dv zh
glg zkhq zh sorw wkh judskv1 Wdeoh LY uhsruwv wkh uhvxowv ri wkh DGI dqg GI0JOV
whvwv19 Wkh qrwdwlrqv *-*/ *--*/ dqg *---* vxjjhvw wkdw wkh qxoo k|srwkhvlv ri d xqlw
urrw lv uhmhfwhg dw 43(/ 8(/ dqg 4(/ uhvshfwlyho|1 Wkh uhvxowv vkrz wkdw wkh xqlw0urrw
k|srwkhvlv lv uhmhfwhg lq wkh DGI whvw iru rqo| wkh Iudqfh2Mdsdq dqg Jhupdq|2Mdsdq
uhdo h{fkdqjh udwhv1
Krzhyhu/ Wdeoh LY lqglfdwhv wkdw wkh dxwruhjuhvvlyh urrwv duh qhdu xqlw| dqg/ dv
vxjjhvwhg e| sdvw vwxglhv olnh Fdpsehoo dqg Shuurq +4<<4,/ Urjr +4<<9, dqg Iurrw/
dqg Urjr +4<<8,/ wkh idloxuh wr uhmhfw wkh xqlw urrw qxoo pljkw eh gxh wr wkh orz
srzhu ri wkh DGI whvw zkhq wkh surfhvv kdv urrw qhdu xqlw|1 Lq idfw/ zkhq zh dsso|
wkh GI0JOV whvw/ zh qg pxfk vwurqjhu hylghqfh djdlqvw xqlw urrw= GI0JOV whvw
uhmhfwv wkh xqlw urrw lq doo fdvhv1 Uhmhfwlrq ri dq h{dfw xqlw urrw lq idyru ri d urrw
qhdu xqlw| iru uhdo h{fkdqjh udwhv kdv douhdg| ehhq uhsruwhg lq wkh olwhudwxuh1 Fkhxqj
dqg Odl +4<<;, xvhg wkh GI0JOV whvw wr vkrz wkdw wkh k|srwkhvlv ri dq h{dfw xqlw
urrw lv qrw dffhswhg iru prvw uhdo h{fkdqjh udwhv1 PdfGrqdog +4<;8/4<<8, xvhg wkh
yduldqfh udwlr whvw wr vxjjhvw wkdw uhdo h{fkdqjh udwhv duh kljko| shuvlvwhqw/ exw gr
qrw iroorz d udqgrp zdon surfhvv1
9Zh xvhg wkh vdph odj fkrlfh iru wkh DGI dqg GI0JOV whvwv/ wkdw lv/ wkh fkrlfh edvhg rq wkh
Prglhg Lqirupdwlrq Fulwhuld +PLF, vxjjhvwhg e| Shuurq dqg Qj +5334,1 Xqolnh wkh Dndlnh ru
Vfkzdu} fulwhuld/ PLF lpsrvhv wkh qxoo k|srwkhvlv ri xqlw urrw lqwr wkh remhfwlyh ixqfwlrq xvhg wr
fdofxodwh wkh rswlpdo odj1 Dv d pdwwhu hhfw/ DLF dqg VLF whqg wr fkrrvh vpdoo odjv zkhuhdv PLF
whqgv wr fkrrvh odujhu odjv1
56Wdeoh LY=Xqlw0Urrw Whvwv
Vhulhv Vshflfdwlrq Odjv DGI Whvw e  GI0JOV
Iudqfh2XVD Lqwhufhsw 8 041;8 31<; 041;7--
Jhupdq|2XVD Lqwhufhsw ; 041:: 31<< 041:7--
XN2XVD Lqwhufhsw 9 05178 31<; 041;<--
Mdsdq2XVD Olqhdu Wuhqg 44 0518: 31<; 05197-
XN2Mdsdq Olqhdu Wuhqg ; 051;; 31<; 051<4--
Iudqfh2Mdsdq Olqhdu Wuhqg : 06198-- 31<9 06199---
Jhupdq|2Mdsdq Olqhdu Wuhqg ; 061:6-- 31<9 061:7---
Iurp wkh uhvxowv ri wkh GI0JOV whvw/ zh pd| whpsw wr vd| wkdw wkh orj ri uhdo
h{fkdqjh udwhv grhv qrw kdyh d xqlw urrw/ dqg wkh uhdo h{fkdqjh udwh lv d vwdwlrqdu|
surfhvv1 Krzhyhu/ zh fdqqrw vlpso| frqfoxgh lq wkdw zd| vlqfh wkh uhdo h{fkdqjh udwh
pd| iroorz wkh surfhvv lq ehwzhhq/ iru h{dpsoh/ d orfdoo| shuvlvwhqfh surfhvv1
Wdeoh Y uhsruwv wkh uhvxowv iru whvw ri wkh qxoo Kr = g @ 3 djdlqvw wkh dowhuqdwlyh
K4 = 3 ? g  4> dv zhoo dv srlqw hvwlpdwhv ri wkh orfdo shuvlvwhqfh sdudphwhu/ g1
Dv vxjjhvwhg e| Olpd dqg [ldr +5335,/ zh xvh wkh vdpsoh ghshqghqw wuxqfdwlrq0odj
t @ ^oq+q,`/ zkhuh ^=` vljqlhv dq lqwhjhu qxpehu1 Djdlq/ wkh qrwdwlrq *-*/ *--*/ dqg
*---* vxjjhvw wkdw wkh qxoo k|srwkhvlv/ g @ 3> lv uhmhfwhg dw 43(/ 8( dqg 4( ohyho ri
vljqlfdqfh/ uhvshfwlyho|1 Iluvw/ wkh uhvxowv uhsruwhg lq Wdeoh Y lqglfdwh wkdw wkh gdwd
xqlirupo| uhmhfw wkh vwdwlrqdulw| qxoo k|srwkhvlv/ l1h1 g @ 3 djdlqvw wkh dowhuqdwlyh
3 ? g  41 Lq dgglwlrq/ doo wkh vhulhv kdyh dq hvwlpdwhg orfdo shuvlvwhqfh sdudphwhu/
g> glhuhqw iurp }hur1 Frpelqlqj wklv uhvxow zlwk wkh suhylrxv hylghqfh glvsod|hg lq
57Wdeoh LY/ rxu hpslulfdo dqdo|vlv lqglfdwhv wkdw wkh uhdo h{fkdqjh udwh surfhvv lv olnho|
wr eh orfdo shuvlvwhqfh/ zklfk olhv ehwzhhq wkh frqyhqwlrqdo vwdwlrqdu| dqg wkh xqlw
urrw surfhvv1
Vlqfh wkh uhdo h{fkdqjh udwh glvsod|v orfdo shuvlvwhqfh/ d vkrfn glvvlsdwlrq zloo wdnh
sodfh lq wkh orqj uxq/ dqg wkh orqj uxq SSS k|srwkhvlv krogv dv lq wkh vwdwlrqdu|
fdvh1 Krzhyhu/ vkrfnv zrxog wdnh pruh wlph wr glh rxw wkdq wkh vwdwlrqdu| fdvh1
Wdeoh Y1 orfdo shuvlvwhqfh Dqdo|vlv
UHU e g Prgho Kr = g @ 3
Iudqfh2XVD 31;3 Lqwhufhsw 4187--
Jhupdq|2XVD 31:: Lqwhufhsw 419;--
XN2XVD 319; Lqwhufhsw 41;:---
Mdsdq2XVD 3196 Olqhdu Wuhqg 414;---
Mdsdq2XN 318; Olqhdu Wuhqg 31<;--
Mdsdq2Iudqfh 317< Olqhdu Wuhqg 31<7--
Mdsdq2Jhupdq| 3183 Olqhdu Wuhqg 414:---
8151 Orfdo Shuvlvwhqfh yv1 Orqj Phpru|
Lq wkh suhylrxv vhfwlrq/ zh suhvhqw d irupdo vwdwlvwlfdo hylghqfh wr vxssruw wkh orfdo
shuvlvwhqfh lq wkh uhdo h{fkdqjh udwh/ djdlqvw wkh vwdwlrqdulw| dqg wkh xqlw urrw1 Lq
wklv vhfwlrq/ zh suhvhqw hpslulfdo hylghqfh vxssruwlqj orfdo shuvlvwhqfh lq wkh uhdo
h{fkdqjh udwh/ djdlqvw orqj phpru| surfhvv wkdw lv dqrwkhu surfhvv wkdw olhv ehwzhhq
vwdwlrqdu| dqg xqlw urrw1 Dowkrxjk d irupdo vwdwlvwlfdo surfhgxuh wr whvw zkhwkhu d
58vhulhv lv orfdoo| shuvlvwhqw ru iudfwlrqdoo| lqwhjudwhg lv qrw ghyhorshg |hw/ zh surylgh
lqirupdo hylghqfh e| sorwwlqj wkh dxwrfruuhorjudp ixqfwlrqv1
Wkh qh{w jxuhv vkrz wkh dxwrfruuhorjudp ixqfwlrqv ri wkh XV0groodu edvhg uhdo
h{fkdqjh udwhv dqg wkh ghwuhqghg ydoxhv ri wkh Mdsdqhvh0|hq edvhg uhdo h{fkdqjh
udwhv1 Dv glvfxvvhg lq Vhfwlrq 5141/ wkh dxwrfruuhorjudp ri d orfdoo| shuvlvwhqw surfhvv
frqyhujhv wr }hur dw d qlwh odj/ zkhuhdv wkh rqh ri d iudfwlrqdo zklwh qrlvh ghfd|v
k|shuerolfdoo| dqg/ wkhuhiruh/ wdnh d yhu| orqj wlph wr frqyhujh wr }hur/ fkdudfwhul}lqj
wkh h{lvwhqfh ri vhfxodu ghshqghqfh1 Wkh judskv vhhp wr vxjjhvw wkh suhvhqfh ri PD
frpsrqhqwv/ zklfk lv dffrxqwhg iru rxu prgho ri orfdo shuvlvwhqfh vlqfh lw dvvxphv wkdw
wkh lqqrydwlrq surfhvv xl lv d olqhdu surfhvv1 Prvwo| lpsruwdqwo|/ wkh judskv vxjjhvw
wkdw wkh dxwrfruuhorjudp frqyhujhv wrzdug }hur dw d qlwh odj/ zklfk lv lqfrqvlvwhqw
zlwk wkh h{lvwhqfh ri vhfxodu ghshqghqfh lq uhdo h{fkdqjh udwh1 Wklv vxssruwv wkh
h{lvwhqfh ri orfdo shuvlvwhqfh lq wkh uhdo h{fkdqjh udwh/ udwkhu wkdq wkh iudfwlrqdo
lqwhjudwlrq1
59Orfdo shuvlvwhqfh lpsolhv wkdw uhdo h{fkdqjh udwhv duh qrqvwdwlrqdu| exw vwloo h{0
klelw phdq uhyhuwlqj ehkdylru lq wkh vhqvh wkdw wkh lpsxovh uhvsrqvh frqyhujhv wr
}hur1 Pruhryhu/ orfdo shuvlvwhqfh ehkdylru h{foxghv wkh h{lvwhqfh ri vhfxodu ghshq0
ghqfh dqg lqqlwh wrwdo lpsdfw ri d xqlw lqqrydwlrq1 Dowkrxjk iudfwlrqdo prghov dovr
lpso| orqj uxq SSS uhyhuvlrq/ wkh ixoo uhyhuvlrq pd| wdnh d yhu| orqj wlph1 Wkxv/
iru uhdvrqdeoh qlwh krul}rqv/ zh pljkw vd| wkdw ixoo SSS uhyhuvlrq grhv qrw rffxu li
wkh uhdo h{fkdqjh udwh lv iudfwlrqdoo| lqwhjudwhg1 Rq wkh rwkhu kdqg/ orfdo shuvlvwhqf|
pd| udwkhu lpso| SSS uhyhuvlrq zlwklq uhdvrqdeo| orqj qlwh krul}rqv/ wkrxjk vwloo lw
wdnhv orqjhu wkdq wkh vwdwlrqdu| fdvh1 Ryhudoo/ rxu vwxg| vxjjhvw wkdw SSS k|srwkh0
vlv krogv lq wkh orqj uxq/ zlwk SSS uhyhuvlrq rffxuulqj vorzhu wkdq lq wkh vwdwlrqdu|
fdvh exw txlfnhu wkdq suhglfwhg e| iudfwlrqdo lqwhjudwlrq dqg xqlw urrw1 Lq idfw/ wkh
ylvxdo lpsuhvvlrq lq Iljxuhv 6 dqg 7 vxjjhvwv wkdw wkhuh dsshduv wr eh d phdq +wuhqg,
uhyhuvlrq lq wkh uhdo h{fkdqjh udwh/ exw lw grhv qrw vhhp wr wdnh wrr orqj dv suhglfwhg
e| iudfwlrqdo lqwhjudwlrq1 Wkhuhiruh/ wkh suhvhqfh ri orfdo shuvlvwhqfh lq uhdo h{fkdqjh
udwhv vhhpv wr pdwfk zlwk wkh ylvxdo hylghqfh |lhoghg e| wkh uhdo h{fkdqjh udwh1

























































































































































































































Zh h{dplqh zkhwkhu wkh SSS k|srwkhvlv krogv lq wkh orqj uxq e| h{dplqlqj wkh
vwdwlvwlfdo surshuwlhv ri wkh elodwhudo uhdo h{fkdqjh udwhv ri J08 frxqwulhv iru wkh srvw
Euhwwrq0Zrrgv shulrg1 Lq frqwudvw wr prvw sdvw vwxglhv wkdw uhvwulfwhg wkhlu irfxv wr
wkh xqlw urrw dqg wkh vwdwlrqdu| surfhvv/ zh dovr frqvlghu vrph surfhvvhv lq ehwzhhq/
vxfk dv wkh orfdoo| shuvlvwhqw dqg wkh iudfwlrqdoo| lqwhjudwhg surfhvvhv1 Erwk surfhvvhv
lpso| wkdw d phdq uhyhuvlrq rffxuv lq wkh orqj uxq1 Wkhuhiruh/ li wkh uhdo h{fkdqjh
udwh lv ghvfulehg e| hlwkhu surfhvv/ wkh SSS zrxog krog lq wkh orqj uxq/ dowkrxjk d ixoo
uhyhuvlrq zrxog wdnh pruh wlph wkdq wkh vwdwlrqdu| fdvh1 Iru iudfwlrqdo lqwhjudwlrq/
dv glvsod|hg lq wkh k|shuerolf ghfd|lqj ri lwv dxwrfryduldqfh dqg lpsxovh uhvsrqvhv/
d ixoo uhyhuvlrq grhv qrw rffxu iru wkh qlwh wlph krul}rq ru zlwklq d uhdvrqdeo|
64orqj shulrg ri wlph/ zklfk lv dq lpsruwdqw glhuhqfh ehwzhhq wkh lpsolfdwlrq ri wzr
surfhvvhv rq wkh SSS1
Wkh uhvxow vxjjhvwv wkdw wkh uhdo h{fkdqjh udwh pd| eh ehwwhu ghvfulehg e| d orfdoo|
shuvlvwhqw surfhvv> wkh shuvlvwhqfh irxqg lq wkh uhdo h{fkdqjh udwh lv vwurqjhu wkdq
wkh vwdwlrqdu| fdvh exw zhdnhu wkdq wkh xqlw urrw fdvh1 Dowkrxjk prvw sdvw vwxglhv
irfxvhg rq wkh xqlw urrw dqg wkh vwdwlrqdu| surfhvv/ wkh uhdo h{fkdqjh udwh pryhphqwv
pd| eh ghvfulehg e| qhlwkhu d fohdu0fxw xqlw urrw qru d fohdu0fxw vwdwlrqdu| surfhvv1
Wklv uhvxow pd| h{sodlq zk| sdvw vwxglhv frxog qrw surylgh d fohdu0fxw frqfoxvlrq rq
wkh uhdo h{fkdqjh udwh surfhvvhv dqg wkh SSS k|srwkhvlv1
Wkh hpslulfdo uhvxow lpsolhv wkdw wkh SSS krogv lq wkh orqj uxq/ dowkrxjk wkh
shuvlvwhqfh irxqg lq wkh uhdo h{fkdqjh udwh lv vwurqjhu wkdq wkh shuvlvwhqfh ri d vwd0
wlrqdu| surfhvv1 E| ixuwkhu vxssruwlqj wkh orfdo shuvlvwhqfh lq wkh uhdo h{fkdqjh
udwh djdlqvw wkh iudfwlrqdo lqwhjudwlrq edvhg rq dxwrfruuhorjudp ri wkh uhdo h{fkdqjh
udwh/ zh vxjjhvw wkdw wkh shuvlvwhqfh lq wkh uhdo h{fkdqjh udwh lv qrw h{wuhph olnh wkh
iudfwlrqdo lqwhjudwlrq fdvh> zh h{foxgh wkh srvvlelolw| ri wkh vhfxodu ghshqghqfh/ k|0
shuerolf ghfd|lqj ri wkh lpsxovh uhvsrqvh frh!flhqw/ dqg dq lqqlwh wrwdo vxp ri wkh
hhfwv ri d xqlw lqqrydwlrq1 Lqvwhdg/ zh vxjjhvw wkdw wkh uhdo h{fkdqjh udwh hyroyhv
ryhu wlph lq vxfk d zd| wkdw wkhuh lv shuvlvwhqf| ryhu d udqjh ri wlph/ exw wkh hhfw
ri vkrfnv zloo hyhqwxdoo| glvdsshdu ryhu wlph krul}rq orqjhu wkdq rughu R+qg,/ wkdw
lv/ dw d qlwh wlph krul}rq1
Iurp wkh wkhruhwlfdo hfrqrphwulfldqv* shuvshfwlyh/ wklv sdshu fdq eh uhjdughg dv
dq lqlwldo dwwhpsw wr dsso| orfdoo| shuvlvwhqw surfhvv wr wkh hpslulfdo dqdo|vlv1 Ixuwkhu
wkhruhwlfdo ghyhorsphqwv ri wkh orfdo shuvlvwhqfh/ lq dgglwlrq wr ixuwkhu hpslulfdo
65dssolfdwlrqv/ zrxog eh iuxlwixo1 Ilqdoo|/ ixuwkhu lqyhvwljdwlrqv rq wkh SSS k|srwkhvlv
duh dovr lpsruwdqw/ wr dffxpxodwh pruh hylghqfh wr hqg wkh frqwlqxlqj ghedwh rq wkh
hpslulfdo uhohydqfh ri wkh SSS k|srwkhvlv1
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